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The basis of the present studies has been a form of diabetes produced 
by removal of the greater part of the pancreas of animals, leaving a 
remnant  about  the duct secreting normally into the duodenum, thus 
avoiding the rapidly fatal  cachexia of total pancreatectomy and also 
the pancreatic sclerosis  and deficient digestion of Sandmeyer diabetes 
and affording a  very close and satisfactory reproduction of the clinical 
disorder.  1  Because of the importance of relations between pancreas mass 
and body mass, and between the total pancreas and the size of remnant 
with which diabetes occurs, a  summary will first be given of these ana- 
tomic facts  in  dogs,  taken  from  the  records  of  all  the  experiments 
suitable for this purpose. 
Accuracy of Estimation  of the Size of the Pancreas Remnant. 
The method of operation and estimation of the remnant has been 
previously described.  ~  In  brief,  a  piece  of  the  removed  tissue  is 
trimmed to imitate the remnant left in" situ; this piece and the total 
tissue removed are weighed, and the absolute and relative weights of 
the remnant and total pancreas are  thus  reckoned.  It is important 
to  combine  sight  and  touch  to  obtain  the  greatest  accuracy,  for 
feeling the comparative thickness and mass often corrects mistakes 
of  the  eye.  Though practice is important,  the range  of error was 
practically constant throughout this series, and differences depended 
• 1  All operations were performed under ether anesthesia. 
2  Allen, F. M., Studies concerning  glycosuria and diabetes, Cambridge, 1913, 
Chapter X. 
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not  so much upon care,  skill,  or chance as upon differences in  the 
shape of the pancreas.  When, as frequently, a piece can be cut from 
directly beside the remnant, of practically the same shape and con- 
sistency,  the  agreement is  generally  close; but  when  a  piece  of 
different form and structure must be used, the error is likely to be 
greater. 
As shown in Table I, 68 dogs freshly dead from natural or experi- 
mental causes were subjected to  the usual operation and the actual 
remnant was immediately removed and compared with the estimated 
one.  The total of the pancreas weights of the 68 dogs was 1,812.8 gin. 
The sum total of the estimated remnants was 197.5 gin., of the actual 
TABLE  I. 
Accuracy of Estimation of the Size of the Pancreas Remnant. 
Material. 
Dead dogs ..................... 
"  puppies .................. 
Total pancreatectomies  .......... 
NO, of 
anlmals. 
Combined weight of. 
Esti- 
Total  mated  Actual 
pancreas,  rein-  rem- 
nants,  nants. 
gm.  gra.  gm. 
1,812.[  197.!  196,[ 
74.(  9.:  9£ 
419.7  45Z  43A 
Maximum  individual  error. 
'  Relative, as 
fractions of total 
pancreas. 
Abso- 
lute.  Esti-  Actual 
mated  tern- 
rem-  uant. 
nant. 
g•. 
1.1  ~  ~-~ 
0.4  ~  ~-~ 
0.8 
remnants  196.8  gin.  The  greatest individual  error  occurred  when 
the  total  pancreas  weighed  70.7  gin.,  the  estimated  remnant  5.1 
gin., and the actual remnant 6.2  gm.  Thus,  the absolute difference 
between the remnants was  1.1  gin.,  and when expressed as usual in 
the form of fractions,  the estimated remnant was approximately Tt~ 
and the actual remnant between ~  and ~  of the total pancreas.  The 
absolute  error is  naturally apt  to  be  greatest  when,  as  here,  the 
dog, pancreas,  and remnants are large; but only rarely is the relative 
error sufficient to  change the denominator of the fraction by more 
than one digit.  In this series of  68  dogs, the estimated and actual 
remnants were equal or within 0.1  gm. of each other in 25 instances. 
In the other 43 animals,  the estimated remnant weighed more than FREDERICK M. ALLEN  365 
the actual remnant in 22  cases,  and less in 21.  The difference be- 
tween the estimated and actual remnants was 0.2 gin. in 17 instances, 
0.3 gin. in 9 instances, 0.4 gin. in 6 instances, 0.5 gin. in 4 instances, 
0.6 gin. in 2 instances, 0.7 gin. in 1 instance, 0.8 gin. in 1 instance, 0.9 
tim. in  2 instances, and  1.1  gin.  in the extreme instance mentioned. 
A  similar procedure was  carried out  upon  twelve dead  puppies, 
ranging in  age  from 2  weeks  to  10  months.  As  the  animals  and 
organs  were smaller,  the  absolute  error was  less,  but  the  relative 
error was about the same.  It was greatest in the largest pup, which 
was  10  months old,  and in which the  pancreas  weighed  13.8 gin., 
the estimated remnant 1.4 gin., and the actual remnant 1.8 gin.  In 
every other instance the agreement was within 0.1 gin. 
The  conditions  of  operation  upon  living  animals  were  fully 
reproduced  when  partial  pancreatectomy was  performed  in  the 
course  of  total  pancreatectomy upon  eighteen dogs.  The  general 
summary is shown in Table I.  The estimated and actual remnants 
were equal or within 0.1  gin.  of each  other  in 4  instances.  They 
differed by 0.2 grn. in 3 instances, by 0.3 gin. in 3 instances, by 0.4 
gin.  in 2 instances, by 0.6 gin. in 5 instances, and by 0.8  gin. in  1 
instance.  This  maximum  error  occurred when  the  total  pancreas 
weighed  31.4 gin.,  the  estimated  remnant  3.9  gm.,--~,  and  the 
actual remnant 3.1 gin.,  =  ~  of the total pancreas. 
It may be concluded from these figures  that the method of esti- 
mation is exact enough to be used for statistical studies.  But close 
as is the agreement on the average and in the majority of cases, there 
is  a  large minority of errors of a  magnitude sufficient to determine 
the occurrence or absence of diabetes.  Accordingly, if the influence 
of any agencies in causing or preventing diabetes is to be tested with 
the aid of this operative method, these possible  limits of error must 
be considered in judging the results. 
Body Weight, Pancreas Weight, and the Tendency to Diabetes. 
If the operative estimates are accepted as accurate to the degree 
above shown, a series of dogs subjected to partial pancreatectomy is 
available for analysis (Table II). 366  EXS?ERIMENTAL  DIABETES.  I 
TABLE  IL 
Analysis of Results of Partial Pancreatectomies. 
Pancreas weight. 
No. of 
dogs. 
t,verage.  Maximum, Minimum. 
gm.  gm.  gm. 
1  9.0 
2  9.9  10.0  9.7 
8  12.1  16.8  8.9 
18  14.2  20.5  8.7 
20  15.5  18.2  11.2 
23  17.5  29.4  10.9 
26  19.7  28.3  12.6 
33  22.0  31.1  16.5 
35  22.3  31.3  14.0 
25  25.5  38.9  17.3 
36  25.7  42.5  15.5 
27  27.8  39.4  18.7 
23  30.2  44.1  20.5 
34  31.4  50.3  20.6 
22  35.9  63.4  27.3 
13  33.7  50.3  26.6 
27  36.5  49.6  23.1 
13  34.8  52.9  28.1 
11  35.5  46.1  23.5 
7  41.5  54.5  29.1 
2  35.1  38.5  31.8 
6  46.5  54.7  38.3 
5  45.0  51.9  39.4 
2  66.3  94.4  38.0 
7  54.2  67.5  43.5 
1  51.1 
1  40.8 
2  73.8  95.3  52.0 
1  35.9 
1  70.7 
2  72.8  88.9  56.8 
1  58.9 
1  82.8 
1  81.8 
Weight of pancreas per kilo of  [ Ma~.um 
"  iractlon  body weaght,  of pancreas 
'with which 
Average. M Lximum, ~ [inimum  diabetes  I  •  occurred. 
gm.  gm. 
4.50 
3.30  .~  3.21 
3.02  ~  2.2~  ~-~ 
2.84  ~  1.7  z.  t 
2.59  :  1.8~  ~, 
2.50  ~  1.5(  ~, 
2.46  :  1.s~  ~-~ 
2.44  :  1.8~ 
2.23  :  1.4(  ,~ 
2.32  :  1.5:  { -~ 
2.14  :  1.3{ 
2.14  :  1.4~  { 
2.16  :  1.4~ 
2.09  ;  1.31 
2.24  i  1.7 
1.98  :  1.5~  ¼ - 
2.03  :  1.21 
1.83  :  1.4; 
1.77  :  I.F 
1.98  1.3! 
1.59  1.4;  t-~ 
2.02  1.6, 
1.87  1.6 
2.65  1.5 
2.08  1.6  ~- -t16 
1.89 
1.46 
2.54  1.7 
1.19 
2.28 
2.14  1.6 
1.63  t 
2.24  l 
1.95  [ 
The  weight  of  the  pancreas  ranged  from  a  minimum  of  1.17  gm. 
to  a  maximum  of 4.5  gm. per kilo of body  weight.  These  figures are 
derived  from  animals  which  were  chosen  as  apparently  normal  in  all FREDERICK M.  ALLEN  367 
respects, free from any disturbing factors such as notable obesity or 
emaciation, extreme age or youth, pancreatic or other disease, etc., 
and in which, moreover, the normality of the pancreatic tissue was 
in  a  high proportion of instances confirmed by microscopic exami- 
nation.  They are therefore of statistical value from the pure ana- 
tomic standpoint, and also as a  basis of comparison for some of the 
ensuing studies. 
A  detailed record was kept of the sex,  apparent age, breed, color 
and  character  of  coat,  and  other  characteristics  of  all  animals. 
Analysis indicates (a) that sex is immaterial, and also (b) that in adult 
animals variations of age are without perceptible influence in regard 
to  the pancreas weight.  (c)  No breeds were found with character- 
istically large or small pancreas.  (d) On the other hand, the numer- 
ous crosses and admixtures of different breeds were suggestive.  Any- 
one handling large numbers of dogs will observe that while characters 
are generally blended, the size and form of organs are among those 
which are sometimes transmitted almost like Mendelian units.  Thus, 
the large square bulldog head with its undershot jaw may be found 
on a fox-terrier body, and examples of obvious bastardy in legs, tail, 
coat, and other features are too common to mention.  The uncertain 
ancestry of all  the animals and the mixture in  the majority make 
tabulation or exact conclusions impossible for both (c) and (d).  But 
there is no doubt that  the variations in size due to  cross-breeding 
pertain also to visceral organs.  One of the clearest examples is the 
occasional finding of the deep thorax and large lungs of a greyhound 
in a  mongrel with the other characters of some other breed or mix- 
ture.  The impression was gained that in the crossing of large and 
small dogs, the size of the pancreas in the offspring is usually a blend 
roughly proportioned to the body weight, but in some instances it is 
chiefly derived from either the large or the small parent, so that the 
ratio  of pancreas weight to  body weight is altered, and the animal 
has an exceptionally large or small pancreas in proportion to the size 
of its body. 
Dogs offer unique advantages for tracing a  range of relations be- 
tween body weight and pancreas weight.  No other mammal exhibits 
such a gamut of sizes as here represented between the 2 and 42 kilo 
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general  way,  with  allowance  for  the  exceptions mentioned in  the 
preceding paragraph, the table indicates a lowering of the proportional 
size of the pancreas as the body weight rises.  The rule in this general 
sense applies to all three columns, of average, maximum, and mini- 
mum weights.  In  other words,  small  dogs generally possess more 
pancreas  tissue  in  proportion to  their body mass than large dogs. 
According to well known laws,  the basal metabolism of small dogs 
per kilo is higher than that of  large  dogs,  and  with allowances for 
activity, warmth of coat,  and other modifying factors,  their actual 
daily metabolism in  proportion to  weight is  doubtless higher.  As 
one of the principal studies of the entire investigation pertained to 
the  relation  of  the  pancreatic  function  respectively  to  the  body 
mass and to the metabolism, it was interesting to observe that dogs 
seem normally to be provided with pancreatic tissue rather in pro- 
portion to their metabolism than to their body mass. 
The observations were also directed to  determine whether a  uni- 
form  mathematical  law  can  be  established  for  the  occurrence  of 
diabetes whenever a  fixed proportion of the  pancreas  is  remoQed, 
or whether general or individual exceptions exist.  With  regard  to 
the  statements  in  the  preceding paragraph,  it  might  be  inquired 
whether small dogs have a larger endowment of pancreas correspond- 
ing to larger needs, oF merely a greater margin of safety.  It is known 
from  veterinary  literature  that  dogs  are  occasionally  subject  to 
spontaneous diabetes.  In human pathology, a  tendency to diabetes 
has sometimes been attributed either to small size of the pancreas in 
gross,  or  to  deficiency of islands.  In view of  the  impracticability 
of any extensive counting of islands,  there was a question whether 
dogs having a  small pancreas would show a corresponding suscepti- 
bility  to  diabetes,  or  whether differences in the  functional  capac- 
ity  of  equal  masses  of pancreatic  tissue  would be  demonstrable, 
due  to  variations  in  island  content  or  other  differences.  Dogs 
exhibit  contrasts  of  nervous  and phlegmatic temperaments almost 
as  extreme  as  those  of  men.  Also  some  varieties  of  dogs  have 
resulted from close inbreeding, and special characters have sometimes 
been  cultivated at  the  price  of  constitutional vigor.  As  shown in 
Table II, wide differences were observed in the size  of the pancreas 
remnant with which diabetes occurred; but these were rare and did FREDERICK  M.  ALLEN  369 
not conform to any of the causes above considered.  Special atten- 
tion was paid to the few  instances in which  diabetes  occurred with 
!  to ¼ of the'pancreas present, but only after several years was it  6 
demonstrated that the explanation lay in inflammatory changes, as 
described in a  paper to be published later.  For the most part, large 
dogs develop diabetes more readily and are more satisfactory for the 
purpose than small ones, but accessory factors enter in.  The small 
pancreas remnant in a small dog is traumatized in operation to a rela- 
tively greater extent than the larger remnant of a large dog.  TMs dif- 
ference is overbalanced by the greater vigor and resistance of large dogs. 
The small ones are more subject to  loss of appetite,  cachexia, and 
distemper,  which interfere with the development of active diabetes. 
Owing to  the modifying influences, no uniform rule can be deduced 
from the last column of Table II.  The present figures, covering a 
larger number of animals, confirm previous findings  ~ that, with few 
exceptions, mild diabetes occurs when the remnant is ~  to  ~ of the 
pancreas, and  severe  diabetes  when the remnant is about 1  of the 
pancreas.  The internal secretory capacity of equivalent fractions of 
pancreatic  tissue is uniform as  far  as  these observations could de- 
termine, with no sign of variations due to gross size  Of the organs, 
differing island  content, nervous control, or  constitutional vigor or 
degeneracy.  Except  for  inflammatory  changes  as  mentioned,  no 
special tendency to diabetes was evident in any dog of the series. 
The observations outline the limits of error under this procedure. 
A  demonstration of the influence of any agency in producing or pre- 
venting  diabetes,  by  a  comparison  of  test  animals  and  controls, 
must  rest  upon  uniform  results  in  a  considerable  series,  and  the 
differences in  question must generally amount to  several  grams of 
pancreas tissue.  Other experiments have shown that a partially de- 
pancreatized  animal,  which  has  merely  a  lowered  tolerance  and 
cannot be  made diabetic  by  any  quantity  or  duration  of  feeding, 
may be so close to the verge that diabetes results from the removal 
of only a  fraction of a  gram of additional pancreatic  tissue.  Also 
definite variations in the severity of diabetes may be produced, for 370  EX~El~I~ENTAL DIABETES.  I 
example by overfeeding.  The most delicate method,  therefore, con- 
sists in tests upon the same rather than upon different animals.  Due 
attentionmust  always  be  paid  to  accidental  modifying  factors, 
especially body weight, pancreatifis, and cachexia. 
Hypertrophy of the Pancreas Remnant. 
The former series of experiments  contained several examples  of great hyper- 
trophy of the pancreas remnant.  Thus, in Dog 1048 the pancreatic tissue left 
at the originaloperation on Oct. i was estimated at less than 6 gin.  On Nov. 27, 
6 gin.  of tissue were removed, and the remnant found at autopsy on Dec. 23 
weighed 8.1 gin.  Also  4 in Dog 151 the remnant estimated at operation on Nov. 
21 was  3.2 gin.,  while that found at autopsy on Dec. 4 was  11.3 gin.; and in 
Dog 152  the remnant  estimated at operation on Nov. 24 was  4.4 gin.,  while 
that found at operation on Dec. 5 was 10.4 grn.  In Dog 1255 the remnant esti- 
mated at operation on Oct. 26 was 2.4 gin., and that found at autopsy on Nov. 8 
was 7.7 gin.  In Dog 1486 the remnant estimated at operation on Nov. 16 was 
3.3 gin., and that found at autopsy on Dec. 19 was 13.3 gin. 
Hypertrophy  to  such  an  extreme  degree  is  highly  exceptional. 
Tables  were  compiled  from  a  series  of  dogs  which  had  undergone 
removal of most  of the pancreas  in  single operations  and  were  free 
from any known disturbing influence.  The data concerning alterations 
in weight of the pancreas remnant are summarized in Table III. 
If 4- 0.4 gin. is accepted as a  rough estimate of the possible limits 
of  error,  it  is  geen  that  in  35  instances  the  weight  of  the  remnant 
remained practically stationary.  The 17 cases of atrophy represented 
essentially traumatic fibrosis.  Hypertrophy occurred in  the  majority 
of cases in the total series, but was generally slight, so that in only 12 
instances  was  the  remnant  found  more  than  doubled  in  size.  To 
save  reproduction  of  extensive  detailed  data,  the  following  points 
may be noted as developed by analysis. 
Occurrence.--Changes occur  in  the  size  of  the  pancreas  remnant 
beyond  any  possible  error  of  estimation.  In  calculations  of  the 
proportion  of  pancreas  removed,  the  operative  estimate  should  be 
used in preference to the weight of tissue at autopsy. 
3 Allen,2 pp. 485-486. 
4 Allen,~ p. 490. 
5 Allen,  9- p. 491. 
6 Allen,9. p. 959. FREDERICK M.  ALLEN  371 
State  of  Nutrition.--Precautions were taken to make sure that the 
changes in weight did not represent mere differences in fullness and 
emptiness  of  the  acini.  The  series  also  included  changes  of  the 
nutritive state  in  both  directions.  Gain of  body  weight  did  not 
necessarily correspond  to  increase  in  the  pancreas  remnant.  Also, 
though the general wasting in emaciation affects the pancreas,  the 
hypertrophy was  all  the  more  evident  because  some  of  the  most 
marked examples were found in animals which lost a large proportion 
of their body weight between operation and autopsy. 
Character  of  Tissue.--In  certain  instances, especially  soon  after 
operation, the increase of weight may be due to inflammatory tissue, 
TABLE HI. 
Alterations in the Weigkt of tlm Pancreas Remnant after Partial 
P ancr  eatectom  y. 
No. of instances in which weight  of pancreas remnant at autopsy  was found  within 
-'- 0.4 gin. of estimate  at operation .......................................  35 
No. of instances  of atrophy  beyond  the above limit of error  .....................  17 
Average atrophy of the group (in percentage of estimated weight of 
remnant)  ....................................................  27.4 per cent. 
Ma~mum  atrophy ...............................................  45  "  " 
No. of instances  of hypertrophy  to less than 150 per cent of the estimated  weight...  28 
"  "  "  "  "  "  150 per cent of the estimated weight  ...........  30 
"  "  "  "  "  '  "  200  ~c  "  "  "  "  "  ...........  30 
cc  CC  ~C  d:C  o:  ,~c  300  cc  cc  cc  cC  cC  ~:C  •  .......... 
but  this is  not  the  true  hypertrophy referred  to.  Sometimes  also 
fairly normal parenchyma may be  distorted or more or less  encap- 
sulated  by  superficial  scar tissue.  But  in  the  best  examples  the 
remnant is  free from perceptible  sclerosis and consists of lobulated 
parenchyma  normal  in  appearance  and  consistency.  Microscopic 
examination  confirms  the  absence  of  fibrosis.  The  acini  may  be 
particularly large  and  crammed  with  secretion.  As  described  for 
Dogs 148  and 1517 islands may be scanty as if the hyperplasla had 
been limited chiefly to  the acinar  tissue,  or fairly  abundant,  as  if 
the islands had kept pace with the proliferation of the other structures. 
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Size  of  Remnants.--The  absolute  size  of  the  remnant  is  not  a 
determining  factor  in  hypertrophy.  The  remnants in  Dogs  104, 
125,  148,  151, and 152, mentioned above, were of various sizes.  The 
later series includes remnants of 8  to  12  gin.  which increased to  14 
to 22  gin.,  also a  remnant of 0.8 gin. which increased to 2 gin.,  one 
of  1.6  gin.  which increased to  5.4  gin.,  and  one  of  1.8  gm.  which 
increased to 6.5  gin.  Correspondingly, the relative size of the rem- 
nants  did  not  govern  hypertrophy.  Some  of  the  larger  remnants 
referred to  were as  much as  ¼ of  the pancreas,  while  the  0.8  gin. 
remnant mentioned was only ~  of the total organ. 
Relation  to  Diabetes.--It  follows  from  the  last  statement  that 
diabetes was not  a  determining  factor in  hypertrophy,  which  was 
present  or  absent  in  diabetic  and  non-diabetic  animals  indiscrimi- 
nately.  In  other  words,  the  stimulus  did  not apparently originate 
from lack of either the internal or external function of the pancreas. 
A  still  more important  question is  to  what extent the hypertrophy 
was  able  to  prevent or  cure diabetes.  In  some instances  the new 
formed tissue  appeared  functionally equivalent  to  the  old,  for not 
only was diabetes  checked, but  also  to  reproduce  it  a  further  re- 
section  of  tissue  was  necessary to  reduce  the  remnant  to the size 
requisite in original operations.  On the other hand, diabetes some- 
times stopped when there was little or no hypertrophy of the rem- 
nant;  also  hypertrophy was  frequent with  continuance of diabetes. 
Closer  study  of  these  results,  which  appear  contradictory at  first 
glance,  brings  out  the  following  explanatory  facts.  (a)  The  trau- 
matic inflammation following operation is generally a  factor in pro- 
ducing diabetes in  cases with fairly large remnants.  When by any 
means symptoms are prevented until the inflammation has subsided, 
it  is  sometimes found  that  the  animal  is  no  longer  diabetic  even 
though there has been little or no increase in the size of the remnant. 
(b)  Inflammation may injure chiefly the islands,  to  such an  extent 
that the animal remains diabetic after the inflammation has subsided 
notwithstanding  hypertrophy of  the  remnant.  If  a  functional  in- 
jury may be  assumed,  as  seems  to  be  true  in  human diabetes,  an 
explanation is  afforded of  the existence of  diabetes even when the 
hypertrophic  remnant  contains  numerous  islands,  as  in  Dog  151,  ~ 
but  this point is  still  doubtful.  (c)  Overfeeding furnishes the most ~REDERIC~  M.  AI,I~BI  373 
frequent explanation, and may be put to valuable use.  For example, 
severe  acidosis is  obtainable  only when the  dogs  can  digest large 
quantities of fat, and dogs with small pancreas remnants can seldom 
do  this.  But  by  cautious  overfeeding  with  carbohydrate  after 
operation, mild diabetes may be kept up, while in a certain proportion 
of  animals  marked  hypertrophy  of  the  remnant  is  taking  place. 
Islands are thus injured or destroyed, while  the  great  increase  of 
acinar tissue enables a satisfactory digestion of fat. 
Age of Animals.--The animals mentioned above were fairly young, 
mostly 2 or 3 years of age.  But both hypertrophy and its absence 
have been noted in dogs at all ages.  Dog 1467 was senile,  yet the 
pancreas  remnant  in  3  weeks increased from  2.8  gin.  to  6.3  gin. 
Also the records of puppies  in  a  subsequent  paper  indicate  no  re- 
markable  regenerative  activity,  just  as  the  damaged  pancreas  of 
diabetic children fails to recover to any greater extent  than  that of 
adults. 
Time F.lemen~.--It is impossible to  determine by  weight  the  be- 
ginning of hypertrophy, because the operation ordinarily is  followed 
by  inflammatory  exudate  and  infiltration.  Epithelial  hyperplasia 
begins almost simultaneously and sometimes proceeds with  astonish- 
ing  rapidity.  The  most  rapid  increase  observed was  in Dog  152; 
namely, the growth of an estimated 4.4 gin. remnant to 10.4 gin. in 
11 days.  The hypertrophy seems to be mostly complete within the 
first few weeks after operation.  The result is permanent, as shown 
in observations covering 3 years and over. 
Cause of Hypertrophy.--The  occasional hypertrophy of a  mass of 
pancreatic tissue to several times its size, in contrast to the relatively 
slight  increase in  the  great  majority  of  instances,  seemed  a  phe- 
nomenon worthy of attention for possible application in the treatment 
of  human  diabetes.  Various  attempts,  by  trimming  remnants  in 
different shapes,  by multiple incisions through  the surface,  and by 
leaving protruding ducts as possible origins of proliferation, gave no 
consistent results.  Here, as in certain of  the preceding paragraphs, 
it is necessary to  anticipate some of the findings of the microscopic 
study.  The  recently traumatized  tissue  shows  a  mass  of  inflam- 
matory,  degenerative, and  regenerative changes,  and it is  inferred 
that  the  predominance of  any  of  the  three  determines the result. 374  EXPE~r~,NTAL DIABETES.  I 
There is no warrant for attempting to stimulate regeneration of the 
human pancreas by mere trauma.  Some more hopeful method may 
ultimately be worked out.  The observations are important as con- 
firmation of other evidence of the regenerative power of the pancreas 
in postembryonic life. 
Repeated Operations. 
In Table III, it was possible only to pick out the maximum weight 
of  the  pancreas  remnant with  which  different  animals  developed 
diabetes in  single operations.  Each  animal in  Table  IV was  sub- 
jected to successive removals of pancreatic tissue, so that the exact 
reduction of the organ requisite for  diabetes was sometimes deter- 
mined within a  fraction of a  gram.  The results in general confirm 
those of Table III.  The traumatic inflammation of repeated opera- 
tions  accounts  for  the  occasional  occurrence of diabetes with  large 
remnants.  The  degree  of  hypertrophy,  obtained  as  a  total  by 
adding  together the weights  of tissue  removed  in  operatlons  and 
present at autopsy, was similar to that observed with single operations. 
The observations were mostly long, generally continuing for months 
or years after the last operation.  The operations were from two to 
five in number, and the intervals between them ranged from 2 weeks 
to 32  months.  The time elapsed made no demonstrable difference 
in  the susceptibility to  diabetes.  This  conclusion has reference to 
the  suggestion of some  former  wr/ters that  animals may develop 
"immunity" to the lack of pancreatic  tissue,  particularly by vicari- 
ous  action of other glands.  Such ideas  are probably explained by 
the fact  that  these workers dealt with atrophic pancreas remnants 
lacking duct  communication with  the bowel,  so  that  (a)  in  subse- 
quent  operations  some  fragments  were  missed,  and  (b)  cachexia 
hindered the development of typical diabetes. 
The same observation supports the conclusion of papers to follow 
that  partially depancreatized animals show no inherent increase of 
tendency to diabetes with time. TABLE  IV. 
Repeated  Operations, 
Remnant. 
Normal Total 
Dog No.  bod  pan-  creas  welg~t.  Esfi-  Frac°  weight, i mated 
weight,  tion. 
kg.  gin.  gin. 
B2-02  10.5  30.5  6.8  ¼- 
B2-05  6.5  l  11.5  1.2  ~:-~ 
B2-43  11.1  ,18.8  5.1  ~t 
B2-51  9.751  26.2  2.75  ~-l~ 
B2-53  10.251  24.5  3.5  ,~ 
B2-63  24.4  49.0  7.4  ~-,~ 
B2-88  14.4  30.7  2.8i  -i~ 
I 
l 
B2-89  13.1130.1  2.7  i  ~ 
I 
I 
C3-20  24.0 ~ 51.9  11.5  $-t 
i 
i 
C3-27  16.25  38.4  4.4 I  ' 
C5-45  10.8  27.5  3.71  ~-½ 
C3-58  15.9  43.8  2.9  -~g 
C3-86  15.0  35.9  2.9  ~,~- 
C3-98  13.4  27.9  2.1  -f~ 
D4-~3  115.25- 46.5  4.6* 
18.7 
D4--85  10.0  25.9  2.01  /~ 
I)4-86  15.9  35.5  3.91 
D4--90  36.9  82.8  1.9 '~'~-zh 
D4-96  11.6  24.2  1.8  Tt~ -  l~ 
E5-O0  15.25  35.0  3.5  -f~ 
E5-16  18.0  34.0  6.75 
Time 
elapsed 
between 
Hyper-  first and  Remarks. 
trophy,  last 
~$. 
32  Very  mild  diabetes,  due  to 
traumatic inflammation. 
½  Mild diabetes, stopped by dis- 
temper. 
Slow onset of mild diabetes. 
1  Severe  diabetes. 
t  Cachexia. 
22  Diabetes  resulted  from  subse- 
quent  operations  removing 
1.32, 0.36, and 0.22 gin. 
1½  Subcutaneous  graft  also pres- 
ent.  Diabetes  followed its 
removal 
11  Diabetes  checked by  emacia- 
tion; restored by removal of 
additional 0.65 gin. 
4~  Mild diabetes after four subse- 
quent  operations  removing 
total of 5.3 gm.  Remnant  at 
autopsy weighed 14.9 gin. 
8  Severe  diabetes  after  removal 
of additional 0.9 gin. 
4¼  Transitory  diabetes; permanent 
after  removal  of  additional 
0.3 gin. 
4~  Diabetes  controlled  by  diet. 
Dog emaciated to 9 kilos. 
7~  Anorexia  prevented  diabetes 
till additional  0.2  gin. was 
removed.  Sclerosis  and atro- 
phy of remnant. 
8  Diabetes  controlled  by  diet. 
Later  two  operations  re- 
moving  total  of  1.45 gm. 
necessary  to  bring  back 
diabetes. 
7~  Mild diabetes. 
1  Severe " 
1½  " 
3]  "  " 
]  Mild  " 
*Weight at autopsy. 
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Pancreas Weight in Relation to Reduced Body Weight. 
The filling of the acini with zymogen during short fasts  and  the 
discharge on functional stimulation are probably sufficient to  cause 
considerable changes in the gross  weight.  On the other hand, long 
fasting is accompanied by shrinking of the acinar cells and diminution 
TABLE  V. 
Dogs  witk  Malnutrition. 
Weight  Weight 
of pan-  of pan- 
Normal  Final  Pan-  creas  ereas 
Dog No.  body  i  body  creas  perokil° Perokik  Remarks. 
weight. J welght,  weight,  aormal  final 
body  body 
weight,  weight. 
kg.  kg.  gin.  gin.  gin. 
C3-17  12.6  10.5  22.2  1.76  2.11 
D4-27  12.5  8.8  22.1  1.77  2.51 
D4-31  10.6  8.0  12.1  1.14 
F6--54  5.6  24.9 
F6-95  4.3  3.7  8.5  1:98 
G7-21  15.0  30.6 
G7-87  6.4  14.7 
G7-89  18.0  14.0  47.8  2.66 
G7-99 
C3-01 
8.0  15.0 
14.9  29.6 
Poor appetite for 3 wks.  110 gin. of glu- 
cose  subcutaneously  3  hrs.  before 
death. 
Overfatty diet for 3 mos.  Fat intoxica- 
tion.  40  gin.  of  glucose  subcutane- 
ously 6 hrs. before death. 
1.51  Fasting for 2 wks., followed by overfatty 
diet for 6 wks.  Fat intoxication. 
4.45  Thin  when  received.  Killed with phos- 
phoric acid intravenously. 
2.30  Fasting for 12 days; poor appetite follow- 
ing 12 days.  Death from acetoacefic 
acid intravenously. 
2.04  Very thin when received. 
2.30  "  "  "  "  Killed  with 
bicarbonate intravenously. 
3.41  Fasting  and  phlorizin  1  wk.;  appetite 
poor 1 wk.; then killed with acid  arid 
alkali intravenously. 
1.87  Thin when received.  Death from shock 
and bicarbonate. 
1.99  Collie; very thin when received. 
of  zymogen,  so  that  in  some  cases  the  pancreas  consists  entirely of 
involuted  rounded  cells, with  only rare  traces of zymogen  and  little 
or  no  visible  acinar  arrangement:  The  gross  organ  is  softer  and 
smoother,  less lobulated,  sometimes almost  translucent  or gelatinous 
s Allen,~ Chapter XXI, also Figs. 2, 3, and 4. FREDERICK M.  ALLEN  377 
in areas, and obviously below normal weight.  The present series did 
not include extremely short or long fasts, but only such intermediate 
degrees of abstinence or reduced diet as caused appreciable reduction 
of body weight. 
Table V is made up of dogs which were either received in a  very 
emaciated  condition or  suffered more or  less  loss  of  weight  under 
TABLE  VI. 
Fasting  Dogs. 
Normal ~ Final  Pan- 
Dog  No.  body  ' bod 
welght. I wei~i~t,  c~e~  weight 
kg.  kg.  gin. 
C3-15  14.5  17.3 
D4-01  14.5  10.6  22.8 
F6-50  6.0  4.2  16.7 
F6-52  6.3  5.0  13.4 
F6-79  10.2  23.1 
F6-99  6.4  4.5  12.2 
G7-00  5.5  3.5  13.6 
Weight  Weight 
of pan-  of pan- 
creas  creas 
perokilc perokilo 
normal  final 
bod  body 
weight,  weight. 
gm.  gm. 
1.19 
1.57  2.15 
2.78  3.98 
2.13  2.68 
2.26 
1.91  2.71 
2.47  3.89 
G7-01  5.5  4.4  10.3  1.87  2.34 
B2-52  i2.8  9.9  23.5  1.84  2.38 
B2-57  11.1  8.6  21.6  1.95  2.51 
B2-58  11.8  9.1  18.0  1.53  1.98 
Remarks. 
Long  voluntary  fast.  150  gin.  of  glu- 
cose by stomach  11 hrs. before death. 
Undernutrltion for 54 days, followed by 
fasting for 4 days. 
Fasting for 11 days with occasional doses 
of hydrochloric acid. 
Fasting  for  8  days.  Killed  with  acid 
sodium phosphate intravenously. 
Fasting for 20 days with large doses  of 
hydrochloric acid. 
Fasting for 17 days.  Death from 20 gm. 
of lactose intravenously. 
Fasting for 25  days.  25  gm. of glucose 
intravenously  on  last  day.  Milk 
vomited. 
Fasting  for  18  days.  Death from dex- 
trin intravenously. 
Fasting for  16 days before operation. 
"  "  18  "  "  " 
"  "  18  "  "  " 
observation.  The animals of Table VI underwent actual fasting for 
various periods,  sometimes together  with  other  experimental  pro- 
cedures as noted.  Those of Table VII received phlorizin as stated, 
subcutaneously, besides the fasting or undernutrition imposed. 
In a  majority of instances, both the absolute and relative weights 
of the pancreas fall within the normal extremes shown in Table II, 378  EXPERIMENTAL  DIABETES.  I 
TABLE  VII. 
Fasting or  Undernutrltlon  with Pttlorizin. 
Weight  Weight 
of  pan-  of  pan- 
Normal  Final  Pan-  creas  creas 
Dog No.  body  body  creas peroi  kil°  kilo  per 
of  weight, weight, weight, aormal  final 
body  body 
weight,  weight. 
kg.  kg.  gm.  gm.  gm, 
C3-54  19.5  15.0  20.5  1.05  1.37 
C3-57  14.5  13.9  0.96 
C3--69  17.5  13.9  23.0  1.31  1.65 
C3-99  22.5  17.0  31.2  1.39  1.83 
D4-00  13.2  10.8  17.9  1.36  1.66 
E5--07  15.0  11.4  30.8  2.05  2.70 
E5-33  17.5  13.9  35.0  2.00  2.52 
F6-22  13.6  9.8  31.7  2.33  3.24 
F6--25  12.0  7.1  18.5  1.54  2.63 
F6--32  17.6  27.0  1.53 
F6-33  14.2  22.7  1.60 
F6-67  16.0  11.0  31.1  1.94  2.83 
F6--91  12.7  9.0  20.3  1.60  2.26 
Remarks. 
Fasting  with  1  gin.  of  phlotizin  daily 
for 10 days.  Lard feeding and bicar- 
bonate intravenously on day of death. 
Fasting for 9  days; pure fat feeding on 
last 3 days.  1 gin. of  phlorizin daily. 
Undemutrition, followed by fasting for 5 
days  with  1  gin.  of  phlorizin  daily. 
Glucose intravenously on day of death. 
Protein-fat  diet  with  0.5  or  1  gin.  of 
pMorizin daily for 50 days. 
Protein-fat diet with 0.5-0.75  gin. of phlo- 
rizin  every day  or  two  for  50  days. 
Glucose  and  bicarbonate  on  day  of 
death. 
Fasting for i0 days with four doses of 1 
~m.  of  phlorizi  n.  50  gin.  of  glucose 
by stomach 2 days before death. 
Fasting for  t  wk.  with five doses of 0.5 
gin. of phlorizin. 
Fasting for 10 days with 0.5  gin. of phlo. 
rizin daily.  50  gin. of glucose subcu- 
taneously on day before death. 
Fasting for 11  days with three doses of 
0.5 gin. of phlorizin. 
Fasting for 6 days with three doses of 1 
gin. of phlotizin.  Bicarbonate on last 
2 days. 
Fasting for  9  days.  Bicarbonate  on  2 
days before death, and sodium chloride 
on 2 days before that. 
Fasting for 16 days with seven  doses oi 
1 gin. of phlorizin. 
Partial  nephrectomy,  Fasting  for  15 
days with four doses of 1 gin. of phlo- 
rizin.  Fed meat on llth day of fast. 
25  gm.  of  glucose subcutaneously  on 
13th day. ]~REDERICK  M.  ALLEN 
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Dog No. 
G7-28 
G7-75 
G7-76 
G7-82 
G7-93 
G7-96 
Normal 
body 
weight. 
kg. 
4.5 
12.6 
11.2 
15.0 
11.0 
Final 
bod 
weight. 
kg. 
11.5 
9.0 
11.4 
10.0 
creas 
weight, 
gm, 
10.9 
18.5 
20.4 
24.8 
23.7 
25.5 
Weight 
of pan- ] 
c~eas 
Pero~il° 
normal 
body 
weight. 
gm. 
2.42 
1.47 
1.82 
1.65 
2.32 
Weight 
of pan- 
creas 
perofkilc 
final 
body 
weight. 
gm. 
1.61 
2.26 
2.08 
2.55 
Remarks. 
Fasting  for  5  days  with  three  doses  of 
0.5 gin. of phlorizin.  Butyric and aceto- 
acetic acids intravenously. 
Fasting for 5  days with two doses  of  1 
gin. of phlotizin. 
Fasting  for  8 days  with four doses of 1 
gin.  of  phlorizin.  Early  pregnancy 
and abortion. 
Fasting for 7 days with three doses of 1 
gin. of phlorizin. 
Fasting for 4  days with one dose of 0.~ 
gin. of phlorizin on 1st day. 
Fasting for 5 days with two doses  of 0.5 
gin. of phlorizin. 
whether calculated on the normal or the reduced body weight.  Also 
in  a  majority of instances,  they are  closer  to  the average  for  the 
reduced than for the normal body weight.  The rule has such marked 
exceptions in  both  directions  that  a  table  of  averages  could  not 
properly be used.  The degree of undernutrition is as great as any 
employed for controlling even the severest diabetes, and the results 
do not warrant  a  conclusion that  the  therapeutic effects of under- 
nutrition are explainable by an increase of the ratio of pancreas mass 
to  body  mass.  The  islands  perhaps  shrink  less  than  the  acinar 
tissue in  fasting, but  there is  no basis  for a  conclusion concerning 
mass relations. 
Any marked changes in  the mass of the pancreas due to  accom- 
panying experiments would also  be  revealed by  such  comparisons. 
For  example,  the  exceptionally  large  pancreas  weights  of  Dogs 
F6-54  and  G7-89  in Table V  represent the edema of the pancreas 
sometimes produced by acid injections.  The other experimental pro- 
cedures, such as glucose injections and especially phlorizin poisoning, 
did not demonstrably alter the gross weight of the pancreas. 